Summary.-The relationship between ageing and transformation has been investigated by a serial study of the changes in cell-surface morphology as normal and carcinogen-treated cells progressed in culture. A progressive increase in the density of cell surface microvilli occurred in association with the adoption of a more rounded profile and concomitant increase in the rate of cell detachment. These changes occurred earlier after carcinogen treatment, which appeared to indicate a carcinogeninduced acceleration of ageing. The alterations have also been described as characteristic of the transformed state. The observations suggest that the expression of in vitro transformation may be the result of continuous selection from a population with genetic instability and variable morphology.
CELL CULTURES may be initiated from fragments of tissue explanted to produce primary cultures. Most primary cells have a limited life span in vitro, a phenomenon which has been described as ageing (Hayflick & Moorhead, 1.961; Hayflick, 1965) . If maintained by serial subculturing, a dominant cell type, with a high growth rate, may be selected and form a cell line with an infinite life span if maintained in culture (Aaronson & Todaro, 1968; Todaro & Green, 1.963) . Spontaneously transformed cells will have arisen by selection of variants from within the normal, untransformed population. Cells of this type usually possess an aneuploid karyotype, and are often capable of forming tumours in the appropriate hosts (Meek et al., 1977) . Alterations in the chromosome constitution are also characteristic of neoplastic transformation, though there are conflicting reports on the exact role of chromosome variation in malignancy (Kato, 1968; Mitelman et al., 1972; Yamamoto et al., 1973; Benedict et al., 1975; Levan et al., 1974; DiPaolo et al., 1971 DiPaolo et al., , 1973 DiPaolo et al., , 1975 .
Some of the morphological cell changes associated with ageing in vitro have been described as criteria for cell transformation. For example, changes in cell shape, usually to a more rounded morphology, possibly the result of a reduction in the amount of lamellar cytoplasm, have been demonstrated (Wang & Goldberg, 1976; Tucker et al., 1978) . This is associated with a loss of cytoskeletal organization Goldman et al., 1975) and alterations in cell-surface topography, manifested as an increase in density of surface protuberances (Boyde et at., 1972; Porter et al., 1973a,b; Malick & Langenbach, 1976; Borek & Fengolio, 1976; Allen et at., 1976; Winslow et al., 1978) . These features have also been described in relation to ageing in vitro (Wolosewick & Porter, 1977; Bowman & Daniel, 1975; Crusberg et al., 1979) . The escape of cells from in vitro senescence may be an initial step in the chain of events leading to transformation, since transformation is a continuous process leading from weakly to highly transformed cells (Risser & Pollack, 1974 (Connell, 1976) . A serial parallel study of surface morphological changes by Scanning Electron Microscopy (SEM), karyotypic alterations and in vitro criteria for transformation (Connell & Ockey, 1977) (Connell, 1976; Connell & Ockey, 1977 cultures w%ere treated with a single dose of either 10 ,ug BP/ml, 01 ,ug DMBA/ml or 0-01 jug MNNG/ml to produce 50% survival, as predetermined (Connell & Ockey, 1977) .
After treatment they wAere allowed to continue growth in culture in parallel with the control untreated cells.
Cell detachment. Cells were detached by first wAashing with BSS followed by exposure to trypsin (WTorthington Biochem. Corp.) at various concentrations and temperatures for different periods.
Those cells wrhich had been detached from the substratum at the end of each period were removed in a known volume of trypsin by gentle inversion of the flask. This may have caused the detachment of occasional cells by shearing. However, since the same procedure Mwas carried out each time, any contamination wNith sheared cells would be uniform. A known volume of 2% glutaraldehyde in buffer was then added to fix the cells in suspension, with the flask inverted, and the soluition was decanted.
As an estimate of the rate of cell detachment from the substratum, the number of fixed cells in suspension at each sampling time w as counted with a Coulter Counter (Coulter Electronics Ltd., Herts).
These detached, fixed cells w%iere then collected by gentle aspiration onto silver membrane filters (Flotronic Inc. Penn.) and processed for SEM wNith the coverslip preparations.
RESULTS
The initiation of cells into culture Primary cultures of Chinese Hamster lung cells were initiated after cell migration from the tissue fragment (Fig. 1) . The time taken for this to occur depended on the age of the original tissue. Migration was first observed from the adult tissue 10 days after explantation, whereas cells migrated from embryonic tissue much earlier, usually after 2-4 days. The cells close to the tissue had migrated and divided to produce a continuous sheet, some of them ciliated and of similar morphology to those seen in the original lung tissue. Those cells which had migrated some distance from the explant were well flattened against the substratum and had an almost totally smooth cell surface (Fig. 2 ). Migration and cell division continued until a monolayer was formed. At the first sub-culture the cells with cilia on (Fig. 3) . Ridge-like structures were also seen on the cell surface (Fig. 4) became associated with them, to produce a "comb-like" appearance (Fig. 4) . With increasing time in culture the gross morphology of the cells became more rounded, with a concomitant increase in the density of surface microvilli, as shown in the Des 6 culture at Passages 15 (Fig. 5) and 100 (Fig. 6) . At Passage 15 the cells had a moderate density of microvilli. The surface properties varied within the population, making accurate quantitative analysis difficult. However, the overall impression was of a moderate length and density of surface microvilli throughout the culture. The density of both microvilli and "comb-like" structures further increased by Passage 100, in association with an increased degree of cytoplasmic overlap (Fig. 6 ) as the cells also adopted a more epithelial morphology, which was maintained even in sparse culture.
At this stage, a karyotypic alteration was also observed, the culture becoming dominated by cells trisomic for chromosome 6 (Connell & Ockey, 1977) . The above morphology was maintained throughout the next 50 passages.
The progression of the untreated Des 4 cell line in culture revealed similar changes in morphology to those previously described for Des 6, but with longer microvilli (Fig. 7) . Although the same chromosomes and morphological features were involved in both cultures, the response to ageing was cell-linespecific. The karyotypic and age-related morphological changes were less marked in Des 4 than in Des 6.
With increasing time in culture, the cells also became more readily trypsinized. The relative detachment rates at room temperature were investigated in the OL cell line at Passages 2, 15 and 70 (Fig. 11) . The rate of cell detachment within the first 5 min of trypsinization increased between Passages 2 and 15. A correlation between an increase in the percentage of detached cells with a blebbed surface morphology from Passage 2 (36% + 1-24) to Passage 15 (64% ± 0 98) was also noted.
This reflected a change in morphology of the population from well-flattened cells in early passage to more rounded bi-polar cells later (Harrison & Allen, 1979) . Between Passages 15 and 70 the rate of detachment between 5 and 10 min increased markedly, with an accompanying increase in percentage of blebbed detached cells (to 76.6% ± 0-34 by Passage 70) over the earlier passages (39.0%o ± 1-14 at Passage 2). This indicated a selective loss from the culture of those cells which develop a microvillous cell-surface morphology on detachment. This has been described as a property of the smooth, wellflattened cells which round up slowly in the presence of trypsin by retraction of the cytoplasm around the entire cell periphery (Harrison & Allen, 1979 leading edges at Passage 1 in response to the carcinogen tteatment (Fig. 8) . This, however, was seen only in sparse cultures. At early passages the density of microvilli was similar to that of the controls, although the cells were more tightly grouped together. DB6 and DB4 began to form multilayers at Passages 25 to 30. The cells also became more rounded, but their fibroblastic morphology was maintained. There was a dramatic increase in density of surface microvilli, and at Passage 50 there was a higher degree of surface activity than for any control populations (Figs 9 and 10).
Changes in cell detachment
The BP-induced changes in cell morphology were paralleled by an increased rate of cell detachment, as indicated by comparison of DB6 at Passage 50 and Des 6 at Passage 150 both with 0.05% trypsin at 37°C and 0.01% at room temperature (Fig. 12) . Also a greater proportion of the detached DB6 cells had a blebbed surface morphology than in Des 6 at Passage 150. (Wang & Goldberg, 1976; Pastan & Willingham, 1978; Domnina et al., 1972; Moore, 1976) .
A sequence of karyotypic changes involving the X chromosomes and chromosomes 6 and 10 also developed as the Des 6 and Des 4 cultures were maintained (Connell & Ockey, 1977) . This proceeded in parallel with morphological changes towards a transformed phenotype.
Therefore, the classification of tissue cultures as "normal" or "transformed" becomes misleading. Since the observed morphological and karyotypic changes occurred during the maintenance of the cultures, they have been described as characteristic of ageing in vitro, as defined by Hayflick (1965) and Hayflick & Moorhead (1961) . Such changes may, however, have occurred as a result of an environmentally induced loss of normal differentiation patterns, rather than by autonomous cell senescence.
Similar changes in both morphology and karyotype (Connell & Ockey, 1977) were also seen in the same cell lines after carcinogen treatment, but these changes were at earlier passages than in the control populations. This was particularly evident in the BP-treated cultures, in which a marked increase in density of microvilli was seen at an early passage. In the promoting phase of their action carcinogens facilitate the production of abnormal differentiation patterns, which would be expected to accelerate the loss of differentiation, thus producing a carcinogeninduced acceleration of ageing.
The BP-treated cultures also fulfilled other criteria of transformation, by the expression of growth in soft agar, and the production of a multinucleate reaction to cytochalasin B at Passage 30 (Connell & Ockey, 1977) and the formation of multilayers. The phenomenon of loss of contact inhibition is one of the most striking growth modifications associated with transformation. It is thought to result from a decreased dependence on a solid substratum for growth (Stoker, 1973; Freedman & Shin, 1974 (Sanford et al., 1974 
